Introduction
Undernutrition is considered to be one of the world's most serious, but least addressed, health problems. 1 It incorporates underweight, wasting, stunting and deficiencies of essential minerals and vitamins. The evidence indicates that women with a body mass index (BMI) ≤ 18.5 kg/m 2 in developing countries are associated with a progressive increase in the mortality rate, and are at increased risk of illness. 2 In 1995, the World Health Organization approximated that 1 million adult deaths resulting from health problems were caused by overnutrition, and that half a million related to undernutrition. 3 Over one half of deaths of children aged ≤ 5 years in developing countries were caused by malnutrition. 4 Undernutrition is one of the most serious health problems affecting women of reproductive age, and is the single greatest cause of child mortality in Tanzania. 5 Despite the progress made in Tanzania between 1999 and 2010 in reducing child undernutrition, millions of children and women of reproductive age still suffer from different forms of undernutrition. 5 According to the findings of the Tanzania Demographic and Health Survey (TDHS) 2004/2005, 40% of children aged ≤ 5 years were short in relation to their age (i.e. stunted); an indicator of chronic undernutrition. Ten per cent of non-pregnant women, excluding those who gave birth two months prior to the survey, had undernutrition, while 48% of women aged 15-49 years were anaemic, of whom 1% were severely anaemic.
2016;29(2) S Afr J Clin Nutr Malnutrition among women not only has a major impact on their own health, but also on their children's. 9 A chronically undernourished woman is likely to give birth to an undernourished child, causing the cycle of undernutrition to be repeated over generations. Both social and biological factors are responsible for women being vulnerable to undernutrition throughout their lives in countries like Tanzania. Factors at individual, household and community level, or a combination thereof, also contribute to women's health status.
It was revealed in a study conducted in Ethiopia that age, marital status, wealth index, education, religion and region of residence were important determinants of undernutrition. 9 The Millennium Development Goal (MDG) of reducing maternal mortality by three-quarters between 1990 and 2015 (MDG 5) is highly related to women's nutritional status. Poor maternal nutrition is associated with maternal ill health, a lack of resistance to infection by mothers, as well as poor maternal and childbirth outcomes. In order to resolve the challenge of maternal mortality, researchers have suggested the provision of emergency obstetric services using skilled birth attendants and effective referral systems. 10 Although the provision of improved obstetric care is very important, it is not enough to resolve the issue unless the nutritional status of poor women is also well addressed.
Little research has been conducted on the determinants of maternal nutritional status in Tanzania. This may be owing to a lack of relevant data at national level, and a limited number of researchers in the area. Most of the studies have only focused on the determinants of malnutrition in young children. [11] [12] [13] Relative risk factors for undernutrition among women of reproductive age in Tanzania mainland were considered in the present study, which was based on a dataset from the TDHS 2010. This constitutes an important contribution in minimising the research gap. It has important policy consequences from a global health perspective, as well as from the specific viewpoint of Tanzania. The study may help with assessing the progress made by countries in achieving the 2005-2015 MDGs and the African Regional Nutrition Strategy from a global health standpoint. At country level, the study helps government and other health stakeholders to ascertain where to allocate limited resources to improve the nutritional and health status of the general population, women and infants.
Method

Data description
The present study was based on the data extracted from the TDHS 2010, with reference to 6 933 eligible non-pregnant women aged 15-49 years. 14 BMI was used as an indicator to assess undernutrition in the study groups.
This study adopted the sampling design and sample size from the TDHS 2010. The TDHS 2010 sample was designed to provide estimates on important indicators, such as family welfare, maternal and child health, nutrition, and family life and education for urban and rural areas of the Tanzania mainland, as well as Zanzibar. The sample design allowed an estimation of indicators in all of the 26 regions.
A representative probability sample of 10 300 households was selected for the TDHS 2010. Therefore, undernutrition refers to a BMI ≤ 18.5 kg/m 2 in the analysis. The objective of this study was to examine the determinants of undernutrition in women of reproductive age on the Tanzania mainland, based on the dataset from TDHS 2010. Demographic and socio-economic variables used in the analysis were age, the family's wealth index, marital status, education and place of residence. Definitions of the variables and respective codes used in this study are presented in Table I questions during the interviews. In addition, a statement was read to them at the start of the domestic violence section, informing them that they were going to be asked questions which could be personal in nature as they explored different aspects of a relationship between a couple. Respondents were assured that their answers were confidential, would not be shared with anyone else and that no one else in the household would be asked the same questions.
Generalized estimating equation
Repeated measurements are usually taken from the same unit in clustered data. Thus, this information forms a cluster of correlated observations. For instance, the dependent variable (nutritional status) in the TDHS 2010 was measured once for each eligible woman (the unit of analysis) in the selected household, and the units of analysis were nested within the households (cluster of units). Proper analysis of the clustered data is required in modelling the association between the response variable and given set of covariates. Ignoring clustering in analyses may exaggerate the precision, and so the risk factors are reported as significant, even when this may not be correct. 16, 17 A generalised estimating equation (GEE) approach can be used for binary data to account for the correlation between the responses of interest from subjects in the same cluster. 18 The GEE approach is a non-likelihood method which uses correlation to capture the association within the clusters or subjects in terms of marginal correlations. 19 Since the present study utilised the multiple observations of women from the same household (thus likely to be closely correlated), GEE was used to identify the relative contribution of the selected independent variables to explain the total variance in the women's nutritional status, while accounting for the correlation between responses of interest from subjects in the same cluster.
Results
Women's nutritional status
Six thousand, nine hundred and thirty-three women of reproductive age from the Tanzania mainland were eligible for inclusion in the study. Undernutrition was reported in 11% of them. The percentage distribution of the nutritional status of non-pregnant women aged 15-49 years, according to selected demographic and socioeconomic characteristics, is presented in Table II .
A large proportion of the women (75%) were selected from the rural areas, of whom 13% were undernourished. A quarter (25%) of the sampled women were from urban areas, of whom 7% were undernourished. The proportion of women with undernutrition decreased dramatically using the family's wealth index (from 17% of the women with the poorest economic status, to 6% of those with the wealthiest economic status). Just over two thirds of the women [67% (51% rural and 16% urban] had received a primary education, while 19% (17% rural and 2% urban) did not have any education. The rest 14% (7% rural and 7% urban) had attained secondary education or higher. Thirteen per cent of the women with no education were undernourished, and the proportion of undernourished women with primary and secondary or higher education was 11% and 8%, respectively. Women who had never married were reported to be the most affected by undernutrition, when compared to other groups. Of the women who had never married, 16% were chronically undernourished, whereas 10% of those who were widowed or divorced, or married or living together, The level of women's undernutrition, as determined by place of residence and education level, is shown in Figure 1 .
In rural areas, the prevalence of undernutrition among women with no an education (13%), was almost the same as that women with a primary education (13%). However in urban areas the prevalence of undernutrition was highest among women with no education (11%), followed by women with secondary or higher education (9%).
The level of undernutrition in women (rural and urban) by age group women is shown in Figure 2 . Regardless of age, a relatively large proportion of the women with undernutrition were rural. Of the women aged 15-19 years, 19% from rural and 13% from urban areas were chronically undernourished. Similarly, of the women aged 40-49 years, 14% from rural and 4% from urban areas were chronically undernourished. It was observed that the level of undernutrition in the rural areas declined sharply from the 15-to 19-year age group to the 20-to 29-year age group, then remained fixed in the 30-to 39-year age group. The level of undernutrition increased slightly in the age group of 40-49 years. By contrast, a sharply decreasing trend with an increase in age was observed with regard to the level of undernutrition in urban women. 
Generalized estimating equation
To assess the impact of the proposed predictors on undernutrition, GEE was used, as stated in the methodology. The results of the model are presented in the form of a regression parameter estimate and odds ratios (ORs). The estimated OR, determined by taking the exponent of the regression parameter estimates, determines the increase or decrease in the chances of undernutrition being present in individuals with respect to a given level of the independent variable, when compared to those in the reference category. An estimate of OR>1 indicates that the risk of undernution with respect to a given level of the independent variable is greater than that for the reference category. Similarly, an estimate of OR<1 specifies that the risk of undernutrition with respect to a given level of independent variable is less than that for the reference category.
The parameter estimates and empirical standard errors of the fitted model, using an exchangeable working assumption, are depicted in Table III . This analysis adds to the descriptive statistics presented in Table II by identifying the factors which significantly affected the likelihood of the women being undernourished.
The findings revealed that all of the proposed predictors were significantly associated with women's nutritional status. However, the effect of education on women living in urban areas was found to be significantly different when compared to the effect of education on women in rural areas. The findings of the study with respect to the risk factors for undernutrition are discussed as follows.
Risk factors for undernutrition
Age
Controlling the other factors in the model, the association of undernutrition with age was statistically significant. Women aged 20-29 and 30-39 years were less likely to suffer from undernutrition than women aged 15-19 and 40-49 years. An OR of 0.69 was reported for undernutrition in women aged 20-29 years, and an OR of 0.75 in women aged 30-39 years in comparison to women aged 40-49 years. The effect of age on women who were 15-19 years' old, compared to the effect of age on those who were 40-49 years' old, was not significant (p-value 0.131).
Wealth index
As has been shown from the results in Table II , the proportion of women with undernutrition decreased dramatically as the family's wealth index increased. The fitted model confirmed that women from families with the poorest economic status (OR of 4.55), poor economic status (OR of 3.07), middle-income status (OR of 2.93) and wealthy status (OR of 1.90) were significantly more likely to be affected by undernutrition than women with the wealthiest economic status.
Marital status
Women who had never married (OR of 1.73) were more likely to be undernourished than married women or those living with their partner. Although not significant (p-value 0.580), the prevalence of undernutrition in widowed or divorced women was lower than that in married women or those living together with their partner.
Education and place of residence
As indicated in figure 1 , the results of the fitted model confirmed that the effect of education on women's nutritional status differed in the urban and rural areas (p-value 0.012). Urban women with a primary education only (OR 0.75) were less likely to be affected by chronic undernutrition than women with a secondary or higher education. Although not significant (p-value 0.218), urban women with no education were more likely to experience undernutrition than women with secondary or higher education (OR of 1.08). By contrast, rural women without an education (OR of 1.77) or with a primary education (OR of 1.68) were significant more likely to experience undernutrition than women with secondary or higher education.
Discussion
The third target of the MDG to eradicate extreme poverty and hunger was to halve the proportion of people with hunger by 2015. Based on the 2013 MDG report, one in eight people worldwide still did not consume enough food on a regular basis to obtain their minimum dietary energy requirements. The majority of undernourished people (852 million) reside in developing countries. 9 The underlying causes of welfare indicators, including nutritional outcome, are associated with poverty. According to the National accounts of Tanzania mainland 2001-2012, on average, Tanzania experienced a steady economic growth of 7%. 20 However, this growth is not reflected in the nutritional status of women of reproductive age at national level, as demonstrated by a general increase in the prevalence of undernutrition between 1996 and 2010 ( Figure 3) . Thus, it is likely that the third target of the MDG to eradicate extreme poverty and hunger has not been met. It was reported that the prevalence of underweight in several countries in subSaharan Africa was decreasing. However, the opposite is true at present. For example, the prevalence of underweight in rural areas of Senegal decreased by 0.23% annually between 1992 and 2005, then increased by 1.60% for the same period between 2005 and 2010. 21 According to TDHS 2010, the prevalence of undernutrition in Tanzanian women of reproductive age is 11%. Based on the recent DHSs conducted between 2003 and 2011, when compared to the prevalence of undernutrition in other sub-Saharan African countries [i.e. Ethiopia (30%), Kenya (12%), Malawi (9%), Mozambique (9%), Rwanda (8%), Uganda (12%) and Zambia (10%)], the prevalence of undernutrition in Tanzania is below that of Ethiopia, Kenya, and Uganda. However it is higher than that of Malawi, Mozambique, Zambia and Rwanda. 22 It was found in this study that the household wealth index appeared to be an important determinant of nutritional status in women. As expected, the results from the fitted model confirmed that women with the poorest economic status were at the highest risk of undernutrition, when compared with their wealthy counterparts. Poverty is associated with poor housing and access to basic and social needs, including water and sanitation. Thus, poverty that leads to a scarcity of resources also results in low purchasing power with respect to adequate and nutritious food, resulting in macro-and micronutrient deficiencies and overall undernutrition. Therefore, measures to improve the nutritional status of women of reproductive age should include government action to support the poorest households, and the creation of rapid economic growth at national level, as this will reflect at household level.
An analysis of the relationship between the marital status of women and nutritional status indicated that those who had never married were more likely to be undernourished than those who were currently married or living with their partner. Similar findings were reported in Bangladesh. 23 Many married women are financially dependent on their partners. Thus, single women are economically disadvantaged, and less able to achieve food security and maintain optimum health on a sustainable basis. 24 Undernourished women who had never been married accounted for 26% of the total women in this study, and are likely to deliver children of low birthweight, as well as experience adverse maternal complications due to malnutrition. Single motherhood was associated with adverse effects on their children's well-being, including poor nutritional status and a lower chance of survival between the age of 0-59 months, in studies from other regions, particularly the west. 24, 25 In addition, in many cases women who have never married occupy households of relatively poorer economic status than those of married women, making it more difficult for them to obtain sufficient food. 26 It was found that women aged 15-19 years, and those aged 40-49 years, were more likely to be undernourished than those aged 20-29 and 30-39 years. The results of the fitted model also confirmed that women aged 15-19 and 40-49 years were significantly more affected by undernutrition than women aged 20-29 and 30-39 years. Adolescent women often have no or little power in decisionmaking about food distribution in the household, and can be marginalised, leading to poor nutritional status. Lack of awareness among adolescent women about their own health and nutritional status is another reason why their nutritional status is poor. 9 In addition, early sexual activity and associated health problems, such as the termination of pregnancy and miscarriage, also endanger the nutritional status of adolescent women. 27 The high risk of undernutrition in older women in rural areas is associated with many contributing factors. Generally, older women have relatively higherlevel parity (more children ever born), obligating them to take care of their children, rather than protecting their own health and nutritional status, given the limited household resources. Similar results were found in other studies in Ethiopia. 9, 27 A detailed investigation into the dietary habits and physical activities of these population groups is required.
The effect of education as a predictor of nutritional status in the general population was not significant. However, it appeared to depend upon the place of residence. In this study, the results of the fitted model illustrated that urban women with a primary education only were less likely to be affected by chronic undernutrition than women with secondary or higher education. This may be owing to the fact that most women with a primary education only in urban areas are mothers (housewives). As secondary and higher educated women are likely to be employed, their responsibilities as workers, mothers and wives tends to increase, which may affect the time taken to care for themselves. Stress also negatively affects psychological well-being and nutritional status.
Unlike women residing in urban areas, those with or without a primary education in the rural areas were more likely to be undernourished than those in the rural areas with a secondary or higher education. This may be because women without an education or with primary education only in the rural areas were housewives with responsibility for the agricultural activities, and fetching water and wood for cooking, in addition to their responsibilities as mothers and wives. Rural women are also more likely to have more children, and to be less aware of their health status. These results are consistent with those reported by Teller and Yimar, 28 and Hazarika et al. 29 Thus, further exploration of the causes and patterns of variation with respect to the impact of education on the nutritional status on women of reproductive age in Tanzania would be worthwhile.
Conclusion
While the focus of attention in the field of nutrition continues to be on a substantial proportion of women with chronic energy deficiency, the problem of undernutrition cannot be ignored. A substantial incidence of overweight or obese, together with a continuing high level of undernutrition, has resulted in a dual nutrition burden on the state. This study revealed that the prevalence of undernutrition can be predicted in women according to age, the family's wealth index, marital status, place of residence and educational level.
